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Objectives : The optimal management of patients with spontaneous intra- 
cerebral hemorrhage (ICH) remains controversial. The aim of this study 
was to evaluate technical results and clinical outcomes of frameless ster- 
eotactic aspiration and fibrinolysis using urokinase performed in a single 
center. 

Materials and Methods : The subjects of this study were 62 consecutive 
patients with spontaneous ICH who were treated with frameless stereo- 
tactic aspiration and subsequent fibrinolysis using urokinase between 
February 2009 and June 2010 in our hospital. The surgical results, proce- 
dure-related complications, and clinical outcomes were evaluated. 

Results : A total of 62 patients were enrolled in the study. The median 
age was 54 years (range, 32-86). The mean initial Glasgow coma scale 
score was 7.7 (range 5-11). The mean initial hemorrhage volume was 43 
cm 3 (range 30-70). Seven patients (11.2%) died of respiratory failure (four 
patients), postoperative edema (two patients), and heart disease (one pa- 
tient). There were seven cases of procedure-related complications (11.2%), 
including malpositioning of catheters (two patients), pneumocephalus (one 
patient), and rebleeding (four patients, 6.4%). At the three-month fol- 
low-up, a good outcome (three-month Glasgow outcome scale > 3) was 
noted in 32 patients (51.6%). 

Conclusions : Frameless stereotactic aspiration and subsequent fibrinolytic 
thearpy using urokinase for spontaneous ICH is a simple and safe proce- 
dure with low mortality and rebleeding rate. 



J Cerebrovasc Endovasc Neurosurg. 
2014 March; 16(1):5- 10 

Received : 30 November 2013 
Revised : 14 January 2014 
Accepted : 24 February 2014 

Correspondence to Sung-Kyun Hwang 

Department of Neurosurgery, Ewha Womans 
University Mokdong Hospital, 911-1 Mok-dong, 
Yangcheon-gu, Seoul 158-710, Korea 

Tel : 82-2-2650-2872 

Fax : 82-2-2650-2652 

E-mail : nshsg@ewha.ac.kr 

ORCID : http://orcid.org/0000-0001-5400-7126 



Keywords Intracerebral hemorrhage, Frameless, Stereotactic aspiration. Fibrinolysis 



This is an Open Access article distributed under the 
terms of the Creative Commons Attribution Non- 
Commercial License (http://creativecommons.org/li- 
censes/by-nc/3.0) which permits unrestricted non- 
commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 



INTRODUCTION 

Spontaneous intracerebral hemorrhage (ICH) com- 
prises 8-30% of all stroke victims. Morbidity and mortal- 
ity following ICH remain the highest among all forms 
of cerebral stroke. Traditional medical and surgical 
approaches, which were mainly developed from clin- 
ical experience, can result in only limited neurological 



improvement in ICH patients. 4 ' 8 ) 9 ) 11 ) 13 ) 15 ) 16 ) 18 ) 22 ) 24 " 27 ) 33 ) 34 ) 

In recent years, stereotactic aspiration and subsequent 
fibrinolysis has been developed and accepted as a less 
invasive and more effective treatment modality for 
spontaneous ICH owing to the limited damage to 
overlaid normal brain tissues, compared with conven- 
tional surgical removal of ICH. However, the devel- 
opment of stereotactic aspiration of ICH using reliable 
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frameless image guided navigation systems has pro- 
vided a new and alternative technique. 4)5)29)30) Therefore, 
in this paper, the authors present a single center expe- 
rience of frameless stereotactic aspiration and sub- 
sequent fibrinolysis using urokinase in treatment of 
spontaneous ICH. 

MATERIALS AND METHODS 

Subjects 

Between February 2009 and June 2010, 62 consec- 
utive patients with spontaneous ICH were treated 
with frameless stereotactic aspiration and subsequent 
fibrinolysis in our hospital. There were 18 female pa- 
tients (29.0%) and 44 male patients (71%) with a mean 
age of 54 years (range, 32-86 years). 

The patient selection criteria for this study were com- 
puted tomography based on diagnosis of spontaneous 
ICH, age > 20 years, hematoma volume > 30 cm 3 , level 
of consciousness of Glasgow coma scale (GCS) score 
> 5 on admission, absence of signs of cerebral hernia- 
tion, no traumatic or infection related ICH, no sus- 
pected underlying clinical or radiological abnormality 
such as cerebral aneurysm or arteriovenous malfor- 
mation, no systemic bleeding diathesis and no severe 
concurrent illness with life expectancy < 6 months, and 
informed consent from patients or legal representatives. 

The diagnosis of spontaneous ICH was made based on 
the acute onset of neurological symptoms and con- 
firmation by brain computed tomography (CT) scan. Only 
hemorrhage of putamen or thalamus origin was included. 

The baseline level of consciousness was assessed ac- 
cording to the Glasgow coma scale (GCS) and de- 
termined at the time of admission during the initial 
examination. The evaluation of outcomes was made 
when the patients were discharged from the hospital 
and during the three-month follow-up. The three-month 
Glasgow outcome scale (GOS) score was the primary 
end point. A good outcome was defined as a three-month 
GOS score > 3. Secondary end points included mor- 
tality and modified Rankin scale. 



Measurement of hematoma volume 

The hematoma volumes were determined by base- 
line CT scan and 24-hour CT scan performed at bed- 
side in the presence of physicians. Measurement of 
hematoma volume was attempted without knowledge 
of each patient's condition. For the bedside length x 
width x height/ 2 method, the CT slice with the larg- 
est area of hemorrhage was identified. Broderick et 
al. 2) and Kothari et al. 14) reported excellent agreement 
between hematoma volumes measured using the bed- 
side technique and computerized planimetric method. 

Operative procedures 

Following initial resuscitation and radiological in- 
vestigation, eligible patients underwent repeated CT 
scan using a planning software protocol that utilized 
1 or 2 mm slices, and the obtained images were then 
loaded onto the station. The goal of placement was to 
center the catheter along the posterior end of the 
hemorrhage in order to allow maximum exposure of 
the blood clot to instilled urokinase. Variables in- 
cluded burr hole placement (usually Kocher's point), 
the optimal trajectory and the depth to the target ac- 
cording to the shortest depth, and longitudinal axis of 
hematoma. Frameless stereotactic aspiration was per- 
formed using a frameless navigation system (Stryker 
Navigation System, Kalamazoo, MI, United States). 
With the integration of a needle and a burr drill fol- 
lowing burr-hole placement, it was designed as a 
hard tunnel. The puncture needle (Silicon catheter, 3.5 
mm or 4.0 mm and 15 cm long) was placed in the 
hemorrhage site in the basal ganglia and mechanical 
disruption of the blood clot, which means an aspira- 
tion of hematoma using a saline-loaded syringe, was 
manually attempted. A drainage tube was then in- 
serted into the hemorrhage site. After measuring the 
hemorrhage volume, no further mechanical disruption 
was attempted due to the concern that aggressive as- 
piration could precipitate further hemorrhage. A cath- 
eter was then connected to a drainage bag. The drain- 
age bag was placed at a level lower than the head to 
allow natural drainage of hemorrhage. The catheter 
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Table 1. At discharge and three-month outcome of the pa- 
tients (N = 62) 

Outcome 



Table 2. Procedure-related complication 



GOS 



7 (11.3) 
4 ( 6.5) 
33 (53.2) 
18 (29.0) 
0 



2 ( 3.2) 
21 (33.8) 
30 (48.3) 

2 ( 3.2) 



GOS = Glasgow outcome scale; mRS = modified Rankin scale. 

was placed under the scalp and the scalp was sutured 
back in place. 

Fibrinolytic therapy using urokinase 

The hemorrhage site was first flushed with ur- 
okinase 3000 units (diluted with 3 cc of preservative 
free 0.9% saline) and left for longer than 5 minutes 
with the catheter closed. The catheter was then re- 
opened using an appropriate method. This procedure 
was repeated 4-6 times per day for 2-8 days until 80% 
of the clot was evacuated. The degree of evacuation 
was confirmed by serial non enhanced brain CT. The 
first control CT was performed 24 hours after urokinase 
instillation, subsequent CT was performed by two- or 
three-day intervals according to the patients' condition. 
All patients were cared for in the intensive care unit 
until they became stable enough to be transferred to 
general wards. Neurological status and vital signs 
were monitored hourly in the intensive care unit. 
Hypertension was controlled from the early stage of 
therapy and the mean arterial blood pressure was main- 
tained between 100 and 120 mmHg by antihypertensive 
therapy (intravenous nicardipine hydrochloride). 

Ethical statement 

The informed consent was obtained from all pa- 
tients and legal representatives. The study protocol 
was approved by the ethics review committee of the 
Ewha Womans 1 University Mokdong Hospital (IRB 
No. 13-13 A-25). 



Malposition 
Rebleeding 

Early 

Late 

Pneumocephalus 
Total 



2 ( 3.2) 
4 ( 6.5) 

3 ( 4.8) 
1 ( 1.6) 
1 ( 1.6) 
7 (11.2) 



RESULTS 

Demographic features 

Most patients presented with loss of consciousness 
(30 patients, 48.4%) and limb weakness (28 patients, 
45.2%) on admission. Intraventricular hemorrhage in- 
volvement was found in 25 patients (40.3%). The 
mean initial GCS score was 7.7 (range 5-11). The 
mean initial hemorrhage volume was 54 cm 3 (range 
32-86). Hemorrhage aspiration via the inserted cathe- 
ter was easily achieved in all patients, however, re- 
positioning of the catheter was also necessary in all 
patients after the initial placement so that it could be 
placed in the optimal location within the hemorrhage 
site prior to thrombosis. Initial ICH volume was re- 
duced by an average of 70% (range 40-90%). The 
average time from symptom onset until the first aspi- 
ration was 5 hours (range 2-20). The average period 
of the needle catheter in situ was 5.2 days (range 2-8 
days). The mean frequency of urokinase instillation 
was 22.5 times (range 12-30). 

Clinical outcomes and complications 

Perioperative mortality was not reported in this 
study. Procedure-related complications were reported 
in seven patients (11.2%) (Table 2). In two cases, cath- 
eters were malpositioned and were pulled out a few 
centimeters. Postsurgical infections secondary to the 
operation that may require antibiotic therapy were 
not reported. Pneumocephalus developed in the ven- 
tricle after catheter placement and needed to be 
changed in one patient. This patient did not show any 
specific symptoms and pneumocephalus was resolved 
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by conservative management. Early rebleeding within 
the first three postoperative days occurred in three 
patients and rebleeding after the third postoperative 
day occurred in one patient. These patients under- 
went another hematoma puncture and aspiration us- 
ing new frameless stereotatic aspiration with updated 
position data in a previously-made burr hole site. The 
overall rebleeding rate was 6.5% (four patients). 

In this study, seven patients (11.2%) died before 
discharge. Lethal hematoma and frameless stereotatic 
aspiration following postoperative edema were the 
cause of death in two patients. Four patients died 
from bronchopneumonia or sepsis resulting from res- 
piratory failure, and the remaining patient died from 
heart attack during admission. 

At the three-month follow-up, a good outcome (GOS 
score > 3) was noted in 51.6% of patients (30 patients 
GOS 4, two patients GOS 5); 21 patients (33.9%) were 
severely disabled (GOS 3), and two patients (3.2%) re- 
mained vegetative. The mean three-month modified 
Rankin scale score was 3.3 (range 1-6) (Table 1). 

DISCUSSION 

Spontaneous ICH is a serious neurosurgical con- 
dition requiring intensive care. However, management 
of patients with spontaneous ICH remains challenging 
and its optimal treatment option remains controversial 
owing to the lack of well controlled randomized 
studies. 1 " 3 ^ 10 ) 12 - 13 ) 18 ) 21 ) 27 ) 28 ) 32 ) 35 ) Despite the lack of con- 
vincing data, stereotactic removal of hemorrhage and 
subsequent fibrinolysis at the acute phase has been 
broadly accepted as an effective treatment option for 
basal ganglia ICH and a crucial factor for a favorable 
prognosis because mass effects, perihematomal gluta- 
mate level, blood brain barrier permeability, and peri- 
hemorrhage edema can be significantly reduced. 27)29 ^ 33 ^ 34 ^ 

The use of frameless navigation systems in ICH 
evacuation was judged to be more effective because it 
reduced the operation time and postsurgical compli- 
cations, resulting in a reduction in the need for in- 



tensive care, a shorter mean hospital stay, and a re- 
duction of medical cost. 4)5)29)30) 

A study by Thiex 29) reported that frameless stereo- 
tactic ICH aspiration was effective in reducing the 
volume of ICH with comparable clinical outcome and 
showed an association with targeting an accurate area 
resulting in less brain damage. In addition, the poten- 
tial risks of head frame placement, such as an in- 
crease in blood pressure secondary to pain could have 
been avoided by use of frameless stereotactic procedures. 
An increased blood pressure may increase the risk of 
hematoma enlargement. 

In this study, seven of 62 patients (11.3%) did not 
survive, however, a good outcome (three-month GOS 
score > 3) was noted in 51.6 % of patients, which was 
higher than previously reported results between 20.3% 
and 55.6% in other studies on frame-based or frame- 
less stereotactic hematoma evacuation for ICH with 
the figure. 4)11)17)20)29) In the study reported by Chen, 5) 
12 of 48 patients (25%) expired and a good outcome 
(three-month GOS score > 3) was noted in 41.7% of 
patients. In published data, the mortality rate of 
frame-based or frameless stereotactic hematoma evac- 
uation for ICH was reported to be between 20% and 

70 o /o> 4-6)9)17)19)20)29-31)34) A ^ by ^29) reported a 

mortality rate after the median long-term follow up of 
178 weeks of 38.9% and 25 patients (19.8%) died dur- 
ing the early postoperative period. 

In our study, procedure-related complications occurred 
in seven patients (11.2%), including malpositioning of 
catheters (two patients), pneumocephalus (one pa- 
tient), and rebleeding (four patients, 6.5%). Of a total 
of four cases of rebleeding, three cases were reported 
during the first three postoperative days and the oth- 
er case was reported afterwards. 

In published data, the prevalence of procedure-re- 
lated complications, including rebleeding rates, post 
to frame-based or frameless stereotactic hematoma 
evacuation for ICH was reported to be between 10% 
and 39.6%. 5)6)29)30) The risk of rebleeding due to intra- 
cerebral infusion of a fibrinolytic agent was also re- 
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ported to be between 7% and 21.9%. 23)24)27)29) In the 
study reported by Chen, 5) 14 procedure-related com- 
plications (29.2%) were reported, with an overall re- 
bleeding rate of 10.4%. In the study reported by 
Thix, 29) early rebleeding within the first three post- 
operative days occurred in 11.3% of patients who un- 
derwent post to frame-based streotatic surgery and in 
9.3% of patients who underwent post to frameless 
stereotactic surgery. Compared with these study re- 
sults, the prevalence of procedure-related complica- 
tions, including the rebleeding rate, was lower in our 
study. However, due to differences in patient se- 
lection criteria and outcome evaluation periods, it was 
difficult to compare the results of this study with those 
of existing studies. There are three limitations that 
need to be addressed regarding the current study. 
The first limitation is that this study was conducted 
as a retrospective study with a small sample size and 
failed to provide a control group, such as patients 
treated with conservative management or frame-based 
stereotactic aspiration and subsequent fibrinolysis 
therapy. The second limitation is that this study failed 
to reflect other clinical variables that might affect the 
degree of edema during treatment. The third limi- 
tation is that only patients with a small volume of ICH 
and relatively good GCS score were included in this 
study, which may not be an accurate reflection of ICH. 

CONCLUSIONS 

This study showed that frameless stereotactic aspira- 
tion of spontaneous ICH and subsequent fibrinolytic 
therapy is a simple, effective, and safe procedure with 
a lower rebleeding rate and mortality. To establish re- 
liable data on the clinical efficacy of frameless stereo- 
tactic aspiration of spontaneous ICH and subsequent 
fibrinolytic therapy, larger randomized trials, includ- 
ing long-term follow ups, specific inclusion criteria, 
appropriate medical management, and the optimal 
time for fibrinolysis therapy will be required in the 
future. 
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